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Appendix G - Acoustic Fundamentals

Noise is often defined as unwanted sound. Sound is a mechanical form of radiant energy
transmitted by pressure waves in the air. It is characterized by two parameters: amplitude
(loudness) and frequency (tone).

Amplitude

Amplitude is the difference between ambient air pressure and the peak pressure of the sound wave.
Amplitude is measured in decibels (dB) on a logarithmic scale. For example, a 10 dB sound is 10
times the pressure difference of a 0 dB sound; a 20 dB sound is 100 times the pressure difference of
a 0 dB sound. Another feature of the decibel scale is the way in which sound amplitudes from
multiple sources add together. A 65 dB source of sound, such as a truck, when joined by another
65 dB source results in a sound amplitude of 68 dB, not 130 & (i.e., doubling the source strength
increases the sound pressure by 3 dI3). Amplitude is interpreted by the ear as corresponding to
different degrees of loudness. Laboratory measurements correlate a 10 dB increase in amplitude
with a perceived doubling of loudness and establish a 3 dB change in amplitude as the minimum
audible difference perceptible to the average person (Federal Highway Administration 1982).

Frequency

Frequency is the number of fluctuations of the pressure wave per second. The unit of frequency is
the Hertz (Hz). One Hz equals one cycle per second. The human ear is not equally sensitive to
sound of different frequencies. Sound waves below 16 Hz or above 20,000 Hz cannot be heard at
all, and the ear is more sensitive to sound in the higher portion of this range than in the lower. To
approximate this sensitivity, environmental sound is usually measured in A-weighted decibels
(dBA). On this scale, the normal range of human hearing extends from about 10 dBA to about 140
dBA.

Noise Descriptors

The intensity of environmental noise fluctuates over time, and several descriptors of time-averaged
noise levels are used. Three most commonly used are Leq, L, and L,, The energy equivalent
noise level, L,, is a measure of the average energy content (intensity) of noise over any given
period of time. Many communities use 24-hour descriptors of noise levels to regulate noise. The
day-night average noise level, L,, is the 24-hour average of the noise intensity, with a 10 dBA
“penalty” added for nighttime noise (1O:OO PM to 7:00 AM) to account for the greater sensitivity to
noise during this period. The maximum noise level, L,,, is often used to characterize
instantaneous noise levels occurring over a period of time.

Characteristics of Sound Propagation and Attenuation

Noise can be generated by a number of sources, including mobile sources, such as automobiles,
trucks and airplanes, and stationary sources, such as construction sites, machinery, and industrial
operations. Noise generated by mobile sources typically attenuates at a rate between 3.0 to 4.5
dBA per doubling of distance. The rate depends on the ground surface and the number or type of
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objects between the noise source and the receiver. Hard and flat surfaces, such as concrete or
asphalt, have an attenuation rate of 3.0 dBA per doubling of distance. Soft surfaces, such as uneven
or vegetated terrain, have an attenuation rate of about 4.5 dBA per doubling of distance. Noise
generated by stationary sources typically attenuate at a rate between 6.0 to about 7.5 dBA per
doubling of distance.

Sound levels can be reduced by placing barriers between the noise source and the receiver. In
general, barriers contribute to decreasing noise levels only when the structure breaks the “line of
sight” between the source and the receiver. Buildings, concrete walls, and berms can all act as
effective noise barriers. Wooden fences or broad areas of dense foliage can also reduce noise, but
are less effective than solid barriers.

Human Response to Noise

The human response to environmental noise is subjective and varies considerably from individual
to individual. Noise in the community has often been cited as a health problem, not in terms of
actual physiological damage, such as hearing impairment, but in terms of inhibiting general well-
being and contributing to undue stress and annoyance. The health effects of noise in the
community arise from interference with human activities, including sleep, speech, recreation, and
tasks demanding concentration or coordination. Hearing loss can occur at the highest noise
intensity levels. When community noise interferes with human activities or contributes to stress,
public annoyance with the noise source increases. The acceptability of noise and the threat to
public well-being are the basis for land use planning policies preventing exposure to excessive
community noise levels.
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